1. Introduction
===============

MicroRNAs (miRNAs) are endogenous, small noncoding RNAs that can negatively regulate gene expression by interfering with the translation or stability of target genes.^\[[@R1]\]^ They participate in the cellular proliferation, differentiation, and apoptosis and can also promote tumorigenesis by acting as oncogenes.^\[[@R2]\]^ Among Caucasians, the cutaneous squamous cell carcinoma (SCC) is the 2nd most common cancer and is thought to be resulted from the accumulation of multiple genetic changes.^\[[@R3]\]^ From 1992 to 2003, McDougall et al^\[[@R4]\]^ had studied the incidence of cervical cancer in the United States and found that white Hispanics had the highest incidence rate of cervical squamous cell carcinoma (CSCC), while non-Hispanic whites had the lowest incidence rate, which concluded that the incidence of CSCC differed among races.

China is a country of diverse populations, and Xinjiang province is a multiethnic area, with rich genetic variation. In Xinjiang, Uyghur and Han are the main ethnic groups. The incidence of skin cancer is difference between Han and Uyghur population of Xinjiang. For example, the Kaposi sarcoma and malignant melanoma also have certain idiopathic and ethnic specificities and differences. In China, more than 90% of Kaposi sarcoma cases occur in Uyghur patients, and only sporadic cases occur in Han patients.^\[[@R5]\]^ There is genetic heterogeneity in the occurrence of melanomas in the Uyghur and Han people of Xinjiang. The melanomas of Uyghur are mainly caused by chronic sunlight injury whereas the Han melanomas are still mainly the mucosal type \[101\].^\[[@R6]\]^ Studying the miRNA profiles in different populations can facilitate understanding the mechanism causing the difference in skin cancer incidence in Xinjiang. In this study, the expression profiles of miRNAs in the skin samples from the Han and Uyghur populations in Xinjiang were investigated.

2. Materials and methods
========================

2.1. Patients and specimen collection
-------------------------------------

Twenty healthy people, including 10 Uyghur individuals and 10 Han individuals, were enrolled in this study (Table [1](#T1){ref-type="table"}). Among the Uyghur subjects, there were 3 men and 7 women (average age, 26.5 ± 17.40 years), while the Han subjects included 6 men and 4 women (average age, 29 ± 17.40 years). There was no significant difference in the enrolled Uyghur and Han people at baseline level (such age, gender, or location of skin lesion). All the skin samples (n = 20) were obtained by surgical resection from January 2012 to September 2013 in the Department of Dermatology, People\'s Hospital of the Xinjiang Uyghur Autonomous Region.
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The characteristics of the Han and Uyghur subjects.
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The samples were flash frozen in liquid nitrogen and stored at −80 °C until the RNA extraction. The collected normal samples were further confirmed by histological examination. The protocol was approved by the Institutional Review Board of the People\'s Hospital of the Xinjiang Uyghur Autonomous Region, Urumqi, China. Parental consent was obtained for minors (younger than 18 years old), according to the ethics statement. And prior written consent for tissue donation (for research purposes) was obtained.

2.2. RNA extraction
-------------------

Total RNAs were isolated using TRIzol reagent (Invitrogen, Carlsbad, CA) and a miRNeasy mini kit (Qiagen, Hilden, Germany), according to the manufacturer\'s instructions. The quality and quantity of isolated RNA were measured with a NanoDrop spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington, DE) and the integrity of RNAs was determined by gel electrophoresis.

2.3. RNA labeling
-----------------

The miRCURY Hy3/Hy5 power labeling kit (Exiqon, Skelstedet, Denmark) was used for miRNA labeling, according to the manufacturer\'s guidelines. Briefly, the RNAs were dissolved in 2 μL ddH~2~O, and then were mixed with 1 μL of CIP buffer and CIP. The mixture was then incubated for 30 minutes at 37 °C and was terminated by incubation for 5 minutes at 95 °C. Then, 3 μL of labeling buffer, 1.5 μL of fluorescent label (Hy3), 2 μL of dimethyl sulfoxide, and 2 μL of labeling enzyme were added to the mixture. The labeling reaction was incubated for 1 hour at 16 °C and was subsequently terminated by incubation at 65 °C for 15 minutes.

2.4. MicroRNA array
-------------------

The microRNA array was performed according to the manual of the 7th generation miRCURY^TM^ LNA Array kit (v18.0) (Exiqon, Skelstedet). The kit contains 3100 capture probes, representing all human, mouse, and rat miRNAs as well as all viral miRNAs related to these species. In addition, this array contains capture probes for 25 miRPlus human miRNAs. Briefly, the total RNA was isolated using TRIzol (Invitrogen) and miRNeasy mini kit (QIAGEN). After labeling, the hybridization buffer (25 μL) was added into the Hy3-labeled sample (25 μL). The mixture was denatured for 2 minutes at 95 °C, then incubated on ice for 2 minutes, and hybridized to the microarray for 16 to 20 hours at 56 °C in a 12-bay hybridization system (Hybridization System-Nimblegen Systems, Inc., Madison, WI). Then, the slides were scanned with the Axon GenePix 4000B microarray scanner (Axon Instruments, Foster City, CA). The scanned images were imported into GenePix Pro 6.0 software (Axon Instruments) for grid alignment and data extraction. After normalization, the significantly differently expressed miRNAs were identified through volcano plot filtering.

2.5. RT-PCR
-----------

The isolated total RNAs were reverse transcribed with the miScript II Reverse-Transcription Kit (Qiagen, German) according to the manufacturer\'s instructions. The concentrations were measured using a Nanodrop spectrophotometer (ND-1000, NanoDrop Technologies). The expression levels of hsa-miR-141-3p, hsa-miR-1915-5p, and U6 were measured by RT-PCR with a miScript SYBR Green PCR kit (Qiagen, German) in a QiagenRoter-Gene Q (Qiagen). The primers used for the detection of hsa-miR-141_1, hsa-miR-1915-5p, and U6 were from the Hs_miR-141_1 miScript Primer Assay (MS00003501, Qiagen), hs_miR-1915-5p_1 miScript Primer Assay (MS00042238,Qiagen), and the Hs_RNU6 miScript Primer Assay (MS00033740, Qiagen). All reactions were performed in triplicate. The relative amount of miRNAs was normalized against U6 snRNA and the fold change for each miRNA was calculated by the 2^-ΔΔCT^ method.

2.6. Target prediction
----------------------

The predicted target genes and miRNA chromosomal locations were retrieved from the Microcosm database ([http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/ targets/v5/](http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/%20targets/v5/)), TargetScan ([http://www.targetscan.org](http://www.targetscan.org/)), miRanda ([http://www.microRNA.org](http://www.microrna.org/)), and GO analysis ([http://www.geneontology.org](http://www.geneontology.org/)). We only included miRNA targets that were present in more than 2 databases in order to exclude false positive results.

2.7. Statistical analysis
-------------------------

Statistical Program for the Social Sciences software 17.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. All data are presented as the mean ± standard deviation. A one-way analysis of variance or *t* test was used to compare the miRNA expression level according to age and gender within Han or Uyghur groups. A *P* value \< .05 was considered statistically significant.

3. Results
==========

3.1. Expression profile of miRNAs in the normal skin samples in Uyghur and Han subjects from Xinjiang
-----------------------------------------------------------------------------------------------------

To identify the differentially expressed miRNAs in the skin samples between Uyghur and Han subjects, miRNA microarray assay was performed. Only miRNAs that were altered by at least 2 folds in at least 2 of the samples were considered as significant candidates for differential miRNA expression. Among the 3100 human miRNA probes, we identified a total of 247 differentially regulated miRNAs (76 upregulated and 171 downregulated) in Han versus Uyghur subjects (Fig. [1](#F1){ref-type="fig"}). All raw and normalized miRNA expression data are publicly available in the Gene Expression Omnibus database (<http://www.ncbi.nlm.nih.gov/geo/>) under the accession number GSE62354.

![MicroRNAs (miRNAs) deregulated in the normal skin samples from Uyghur and Han individuals. A total of 20 normal skin samples were analyzed by a microRNA microarray with the 7th generation miRCURYTM LNA Array kit (v.18.0). Unsupervised hierarchical cluster analysis of miRNA expression in 20 normal skin tissues. Rows: miRNAs; columns: cases. The analysis demonstrated that the 2 chips in each case were consistent. For each miRNA, red represents higher expression, and blue represents lower expression (compared to the average). C1--C10 represents normal Han skin tissue. C11--C20 represents normal Uyghur skin tissue.](medi-97-e9928-g002){#F1}

3.2. miRNA expression differentiations in the healthy Han and Uyghur skin subjects
----------------------------------------------------------------------------------

In the Han population, 76 miRNAs were upregulated and 171 were downregulated compared with that of the Uyghur population (*P* \< .05) (Table [2](#T2){ref-type="table"}). The upregulated miRNAs that changed significantly included miR-1, miR-141-3p, miR-106b-5p, miR-1915-5p, miR-200c-3p, miR-221-3p, miR-222-3p, miR-3139, miR-4802-3p, miR-507, miR-541-3p, miR-876-3p, and kshv-miR-K12-2-5p. The downregulated miRNAs that changed most significantly included miR-1207-3p, miR-206, miR-2116-5p, miR-3667-5p, miR-374b-3p, miR-4423-5p, miR-4450, miR-4468, miR-542-3p, miR-548ao-3p, and miR-553. Among the upregulated miRNAs, the most significant upregulated were miR-141-3p, miR-1915-5p, kshv-miR-K12-2-5p, and miR-222-3p, whereas those among the downregulated miRNAs with the most significant downregulation included miR-1207-3p and miR-625-3p.
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Selected differentially expressed microRNAs (miRNAs) in normal skin samples from Uyghur and Han populations.
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In the 76 upregulated miRNAs, 32 miRNAs have been reported in previous articles,^\[[@R7]--[@R10]\]^ such as miR-139-5p, miR-23a-3p, miR-500a-3p, miR-10b-3p, miR-10b-5p, miR-1233-3p, etc. Six miRNAs, including miR-17-3p, miR-141-3p, miR-210, miR-214-5p, miR-320c, and miR-34a-3p may play a role in the pathogenesis of SCC. Kshv-miR-K12-2-5p is associated with Kaposi sarcoma and the other miRNAs partially contribute to the pathogenesis of hepatocellular carcinoma, breast cancer, kidney cancer, laryngeal cancer, colorectal cancer, gastric cancer, testis embryonic cell tumor as well as other cancer types.^\[[@R11]\]^

In the 171 downregulated miRNAs, 33 were described in previous reports, including miR-612, miR-495-5p, miR-498, miR-877-3p, miR-506-5p, miR-634, and so no. Five miRNAs, including miR-25-5p, miR-29a-5p, miR-31-5p, miR-375, and miR-625-3p have been reported to be associated with SCC.^\[[@R12]--[@R15]\]^ The miRNA kshv-miR-K12-6-3p may play a role in the pathogenesis of Kaposi sarcoma and it also may participate in hepatocellular carcinoma, breast cancer, kidney cancer, laryngeal cancer, and rectal cancer.^\[[@R16]\]^

3.3. Validation of microarray results
-------------------------------------

To further confirm the microarray results, the RT-PCR method was used. The expression levels of miR-141-3p and miR-1915-5p were validated based on *P*-value and fold change, which showed that the levels of miR-141-3p and miR-1915-5p were 4.42 and 2.81 folds higher in tissue samples from Han subjects compared to Uyghur subjects, respectively. And the results obtained by RT-PCR were consistent with our microarray results (Fig. [2](#F2){ref-type="fig"}).

![Validation of microarray results by RT-PCR. Expression patterns of miR-141-3p (A) and miR-1915-5p (B). The fold changes were compared. The left most 2 bars of each panel show miRNA levels determined by miRNA microarray assay on Han versus Uyghur tissues. The right most 2 bars show the level of the same miRNA validated by quantitative RT-PCR in the same tissues. Data are mean ± SEM. *∗P* \< .05 Han versus Uyghur tissues. miRNA = microRNA, RT-PCR = reverse-transcriptase polymerase chain reaction, SEM = standard error of the mean.](medi-97-e9928-g004){#F2}

We also analyzed the correlations of miR-141-3p and miR-1915-5p expression with age (grouping: age ≤ 20; 20 \< age ≤ 40; and age \> 40) or gender among each population, respectively (Table [3](#T3){ref-type="table"}). However, there was no statistically significant difference within-group in the expression of miR-141-3p and miR-1915-5p when stratifying subjects by age and gender (*P* \> .05). In future studies, these results should be verified in a larger sample size.
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The correlations of the 2 microRNAs (miRNAs) expression levels in Han and Uyghur populations.
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3.4. Predicted targets of the identified miRNAs
-----------------------------------------------

There is strong evidence that the function of miRNAs mainly depend on their targets. Using the Gene Ontology and KEGG database, we identified that miR-141-3p and miR-1915-5p target genes include *ZEB1*, ZEB2, EIF4E, BAP1, CLOCK, CD133, and PAX2. The possible biological impacts of the differentially expressed miRNAs based on Gene Ontology are cell--cell signaling, cell proliferation, cell differentiation, and cell death. The KEGG pathways are enriched in some biological pathways, such as p53 signaling pathway, mitogen-activated protein kinase, WNT, and Chemokine signaling pathways (Fig. [3](#F3){ref-type="fig"}).

![Pathway classifications of the predicted target genes regulated by differentially expressed microRNAs (miRNAs) in the normal skin samples from Uyghur and Han individuals. Pathway analysis was performed on genes predicted to be targets of differentially expressed miRNAs. (A) KEGG pathway classifications of predicted target genes; (B) GO enrichment of predicted target genes.](medi-97-e9928-g006){#F3}

4. Discussion
=============

Uyghur is the most populous minority ethnicity (10 million Uyghur people) and 99% of the total Uyghur population lives in Xinjiang. The Uyghur population has a high incidence of CSCC and esophageal squamous cell carcinoma. And, high incidence and mortality of melanoma and Kaposi sarcoma is also reported in this population.^\[[@R17],[@R18]\]^ Multiple studies have demonstrated that more than 1 miRNA is involved in the pathogenesis and therapy of cancers.^\[[@R19]--[@R22]\]^ Therefore, we aimed to identify miRNAs expression differences between the Uyghur and Han populations.

By using the miRNA array kit, we detected the expression profiles in normal Uyghur and Han skin samples. And, we identified 247 differentially expressed miRNAs (171 miRNAs were upregulated in the Uyghur samples, and 76 miRNAs were upregulated in the Han samples). In further validation studies using RT-PCR, the expression levels of 2 selected miRNAs, hsa-miR-141-3p and hsa-miR-1915-5p, were in agreement with our array data. The identification of dysregulated miRNAs in normal Uyghur and Han skin samples has opened up new possibilities for the diagnosis of certain cancers. However, it should be noted that our understanding of these miRNAs is still limited.

Previous study has shown that miR-320 can regulate tumor angiogenesis of oral cancer by silencing Neuropilin 1.^\[[@R23]\]^ miR-320 level is decreased in oral SCC cell lines and tumor tissues. In our study, although miR-320 was expressed at higher levels in Han subjects compared to Uyghur subjects, there was no significant difference between the 2 populations, which can be partially attributed to the small sample size. In future studies, we will increase the sample size to verify the miR-320 expression. Thus, our miRNA findings may contribute to the future development of antiangiogenic or anticancer drugs.

The miR-31 is an important miRNA that is capable of regulating tumor behavior.^\[[@R24]\]^ Many studies have demonstrated that it displays differential expression and functionality in various tissue and cancers. For example, it reduced tumor metastases in breast cancer, but enhanced neoplasm invasion in colon cancer.^\[[@R25],[@R26]\]^ Many studies have found that miR-31 was expressed at high levels in most SCC samples.^\[[@R27],[@R28]\]^ In our study, miR-31-5p was significantly upregulated in the Uyghur population. Studies^\[[@R29],[@R30]\]^ have demonstrated that miRNAs have tissue specific expression. In laryngeal SCC, particularly in well differentiated and dysplasia tissue, miR-375 is downregulated and positively correlates with TNM stage and lymph node metastasis

Kaposi sarcoma is a chronic, progressive, malignant, pigmentary, vascular sarcoma caused by Human Herpes Virus-8. Blanco and coworkers^\[[@R31]\]^ have found that the Human Herpes Virus-8 viral load increased significantly in infected Kaposi sarcoma tissue. Twelve miRNAs encode genes clustered in Kaposi sarcoma-associated herpesvirus (KSHV) ambush-related regions, which encode for the ambush-related nuclear antigen, LANA, v-cyclin, v-FLIP, and K12. It demonstrates that miR-K12-2, -4, -5, -6, -7, and -9 have obvious polymorphisms, and that the KSHV miRNA genes contribute to KSHV-related malignant carcinoma and pathogenesis after strict selection.^\[[@R32]\]^ Skalsky et al^\[[@R33]\]^ found that miR-155 has 100% seed sequence homology with miR-K12-11, which indicated that the host target genes regulated by has-miR-155 could also be regulated by miR-K12-11. In future studies, we should analyze the role of miR-155 in the pathogenesis of Kaposi sarcoma through its target genes.

As for the target genes of miR-141-3p, the E-cadherin transcriptional repressors contribute to epithelial-mesenchymal transition and cancer cell migration in cancer cell lines.^\[[@R34]\]^ Another target gene of miR-141-3p, *BAP1*, inhibits *PI3K* activity, suppressing cell growth in both flies and humans.^\[[@R35]\]^*CD133* and *PAX2*, the target genes of miR-1915-5p, regulate miRNA expression at both the transcriptional and posttranslational levels and are involved in the repair of adult renal progenitor cells.^\[[@R36]\]^ The miR-1915-5p gene also represses BCL-2 expression in the apoptotic response to DNA damage by P53 induction.^\[[@R37]\]^

Studies^\[[@R38]\]^ have demonstrated that KSHV-miR-K12-5 can promote viral immune escape. KSHV-miR-K12-3 and KSHV-miR-K12-7 participate in the body\'s humoral immune response by regulating the secretion of interleukin-6 and interleukin-10. KSHV-miR-K10 and KSHV-miR-K12 regulate kaposin proteins as viral miRNA.^\[[@R32],[@R39]\]^ We found unusual expression patterns of KSHV-miR-K12-2-5p and KSHV-miR-K12-6-3p in Uyghur and Han samples, respectively. Future studies should further analyze the roles of these miRNAs in viral immune escape and immune responses. The Xinjiang region has a high incidence of Kaposi sarcoma, however, no study has analyzed the relationship between viral miRNA and Kaposi sarcoma. Based on our initial miRNA screening, future studies can be performed to identify possible target genes in human tissue and blood, as well as in cells and animals for further verification.

In comparison to the miRNA expression profiles of Kaposi sarcoma in China, they reported that there were 15 miRNAs expressed in the Uyghur and Han population.^\[[@R40]\]^ The miRNAs included 3 upregulated (kshv-miR-K12-2-5p, miR-23a-3p, and miR-221-3p, etc.) and 12 downregulated miRNAs (miR-1908, miR-4251, miR-483-3p, etc.). The miRNA expression levels of Kaposi sarcoma had obvious differences between the Han and Uyghur populations. Therefore, we speculate that the dysregulated expression of the above miRNAs may be markers of susceptibility to Kaposi sarcoma. Future works should focus on increasing the sample size. RNA pool from the female/male/young/aged skin/different body sites should be obtained to further confirm or improve the results of this study. Additionally, the basic clinical data of enrolled subjects were comparable at baseline level. RT-PCR results showed that there was no significant interindividual expression difference in miR-141-3p and miR-1915-5p. Thus, we speculate that there are no interindividual expression differences within the subpopulations.

In conclusion, we have investigated the expression of miRNAs in the skin samples from the Han and Uyghur populations. A total of 247 miRNAs were differentially expressed in the Han versus Uyghur population (76 upregulated and 171 downregulated). The upregulation of miR-141-3p and miR-1915-5p was confirmed by the RT-PCR. Our findings may provide a better understanding of the differences in the incidence and mortality of skin related carcinoma between the Uyghur and Han populations in Xinjiang.
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